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@ Supply cylinder shut-off and flow control valve. 

@ A button-operated main shut-off and flow-control valve is 
disclosed which attaches directly to a supply cylinder in place of 
the conventional rotary-stem shut-off valve. Magnetic actuators 
fn the valve eliminate the hazards of leaky seals around moving 
or rotating parts. Excess flow control is provided by internal 
valve elements which inhibit further fluid flow In excess of a 
design limit, and pressure regulation is provided within the 
same housing so that extremely low profile Is preserved and 
fluid connections are significantly reduced for improved 
operating safety. 
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SUPPLY CYUNDER SHUT-OFF AND FLOW CONTROL VALVE 



Background of the Invention 

The present fnventlon relates to shut-off valves for s 
supply cylinders of pressurized gas, and more 
specifically to a button-controlied valve which oper- 
ates to provide fluid shut-off. manually-controlled 
fluid flow, excess-flow control, and pressure-regula- 
tor flow control, all wfthin a safety-oriented housing 10 
that attaches directly to a supply cylinder of gas 
under pressure. 

Certain known valves for controlling the flow of 
gas under pressure rely upon Internal valve elements 
whteh are controlled externally via a rotating valve is 
stem, or the like, and such valve stems require 
rotating or sliding seals to prevent escape of the 
fluid under pressure around the valve stem. Such 
manually-operated valves are widely used as the 
main shut-off valve on top of a supply cylinder of fluid 20 
under pressure. However, recent developments of 
the wide scale use of highty-toxic gases in the 
semiconductor Industry have prompted careful re- 
view of the poor safety features associated with the 
conventional shut-off vaive which is based upon a jS5 
rotating seal that Is highly subject to failure and 
which requires many manual turning strokes to shut 
off the flow of pressurized gas from the cylinder. 
Such valves are unsuitable for quickly controliing 
emergency conditions of fire or toxic gas leaks, or 30 
the like. Also, these shut-off valves are usually 
heavily cluttered with excess-flow control valves, 
pressure regulators, and the like, connected thereto 
which further inhibits convenient manual control of 
such conventional valves. Also, high-pressure con- 35 
nections associated with components that attach to 
the main shut-off valve are highly vulnerable to leak 
and rupture due to the cylinder falling over, or the 
exposed components being banged or the fluid lines 
connected thereto being pulled. 40 

Summary of the Present invention 

In accordance with the present invention, the 
conventional main shut-off valve on a supply cylinder 
of gas under pressure is replaced by an improved 45 
button-operated valve which has no seals that can 
leak pressurized fluid into the environment. The 
present invention provides excess-flow control and 
pressure regulation within a single unit that exhibits 
only a minimum of exposed components above the 50 
supply cylinder. A high degree of integrity against 
gas leaks is assured by using magnetk; actuation of 
the valve components within the body that is sealed 
after assembly using electron-beam welding tech- 
niques on all joints and seams. ss 

Description of the Drawings 

Figure 1 is a pictorial sectional view that 
illustrates one embodiment of the valve of the 
present invention; 60 

Figure 2 is a pictorial sectional view of the 
valve of Figure 1 operating fully open under 
manual control; 



Figure 3 is a pictorial sectional view of the 
valve of Figure 1 operating as an excess-flow 
controller; 

Figure 4 is a pictorial sectional view of the 
valve of Figure 1 including an improved press- 
ure regulator within the body of the valve. 

Description of the Preferred Embodiment 

Referring now to Figure 1, there is shown an 
internal pictorial view of the generally cylindrical 
housing 9 that is threaded at the lower end for 
threaded connection directly to the top of a supply 
cylinder of gas. A standard outlet connection 11 Is 
welded 13 to the body 9, for example, t)y conven- 
tional electron-beam welding techniques. The 
body. 9 includes an internal, central aperture 15 
between inlet channel 17 and outlet channel 19. and 
includes a surrounding sealing surface or valve seat 
21 on the inlet side of the aperture 15. Piston 
element 25 is slidabiy mounted within inlet channel 
17 and carries an elastomeric wafer or seal 23 of 
suitable material such as a perfiuoroelastomer 
(available as KAl_REZ from DuPont Co.) for forming 
a fluid-tight seal with valve seat 21. The piston 
element 25 includes grooves 27 or flats on its 
generally cylindrical outer surfaces, for reasons later 
described, to allow gas under pressure to flow past 
*the piston element 25 and through the aperture 15 
(when open) to the outlet channel 19. A spring 29 
and spring retainer 31 are disposed beneath the 
piston element 25 to resilientiy urge the seal 23 into 
fluid-tight normaily-closed, sealing engagement with 
the valve seat 21. Of course, retainer 31 is arranged 
to pass the fluid under pressure via passage 32, or 
via a square shape In a cylindrical bore, or the like. 
The pressure-enhanced and spring-enhanced seal 
21 , 23 is controlled by the central rod 33 which Is 
attached to the piston element 25 and which 
protrudes through the aperture 15 Into the outlet 
channel 19. A slide element 35 containing a magnet 
37 encapsulated therein is slidabiy mounted within 
the outlet channel to selectively exert control force 
upon the rod 33 to open the seal formed around 
aperture 15. This element 35 is supported by the 
spring 29 (via piston 25 and central rod 33). and thus 
does not affect the normally closed condition of the 
valve while the actuating button 39 with its encapsu- 
lated magnet 41 are in the remotest position, as 
shown, it should be noted that magnets 37 and 41 
are repulsion oriented so that the weight of the 
button 39 and magnet 41 are also supported through 
such repelling force by the spring 29. End plate 40 
may be electronbeam welded to the housing 9 at the 
upper end of the outlet channel 19 to seal the 
housing against the possibilities of leaks. The parts 
of the present Invention may thus be formed of such 
materials as stainless steel or aluminum or plastic, or 
the like, to provide welded Integrity against leaks 
without significantly interfering with the controlling 
magnetic field externally applied by magnet 41. A 
cylindrical retainer and guide 43 for button 39 may be 
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attached to the housing by a set screw 45, or other 
suitable attachment means, to establish the three 
distinct operating positions of button 39. as Illus- 
trated (n Figures 1. 2 and 3. 

In operation, with the button 39 In the reslstent 
position as shown In Figure 1. the valve remains 
normally-closed In response to the spring-enhanced 
and pressure-enhanced seal established between 
valve seat 21 and seal 23. To open the valve 
completely, the button 39 is fully depressed against 
the resilience of repelling magnets 37 and 41, as 
illustrated In Figure 2. This exerts substantial 
magnetic-repelling force upon magnet 41 associated 
with slide element 35 which, in turn, exerts sufficient 
force against rod 33, piston 23 and spring 29 to 
overcome the spring-enhanced and pressure-en- 
hanced sealing force and opens the aperture 15 to 
fluid flow therethrough. In this seprating mode of the 
illustrated embodiment, manual force 42 must be 
continually applied to button 39 to retain It In the 
most proximate position, as illustrated, for as long as 
the valve is to remain open. Of course, the size, 
weight, magnetic flux and relative spacing of the 
magnets 37 and 41, and the spring force exerted by 
spring 29 may all be selected to establish the above 
operating mode. 

Referring now to Figure 3. the valve embodiment 
of Rgure 1 and 2 Is illustrated with the button 39 
Matched' In an intemiedlate position by the intruding 
upper flange 46 of retainer and guide 43 engaging 
the shoulder 47 on button 39. in this position of 
button 39, the combined magnetic repulsion force 
between magnets 37 and 41, and the weight of 
element 35 and piston 25, is sufficient to overcome 
the opposing spring force of spring 29. This retains 
the valve In open condition with the magnetic force 
plus weight of element 35 and piston 25 selected to 
slightly exceed the spring force of spring 29. 

With reference to the flats or grooves 27 in the 
surface of the piston 25, the cross sectional area of 
these fluid-flow passages Is selected to establish an 
increment of force that is related to the flow rate of 
fluid (of given density) therethrough. Thus, a flow 
rate of fluid through the flats or grooves 27 in excess 
of a selected value establishes a force that, 
combined with the spring force of spring 29, lifts the 
piston 25 and seal 23 into engagement with valve 
seat 21 against the weight of elements 35 and piston 
25 and the repelling force of magnets 37 and 41 . The 
valve thus closed by the excess flow of fluid remains 
closed by the spring-enhanced and pressure-en- 
hanced seal that is formed over aperture 15, until the 
valve is opened and reset by fully depressing the 
button 39 to the position and operating mode 
illustrated and described In connection with Figure 
2. 

The illustrated embodiment of the valve of Figures 
1, 2 and 3 Includes a descending skirt or shield 
carried by element 35 that includes lateral apertures 
52 for passing therethrough the gas that flows 
through aperture when the valve is fully or partially 
open. The shield 50 is effective to impede the 
development of additional forces, due to the Ber- 
noulli effect, between element 35 and the surface 54 
of housing 9. By the Bemoulli effect, fluid flow at high 



velocity between two surfaces reduces the press- 
ure, and hence, the relative forces acting on the 
surfaces. The shield 60 with aperture 52 assures that 
the fluid which flows through open aperture 15 will 
5 not reduce the forces acting on element 35 relative 
to surface 54 of housing 9, and a cause of oscillatory 
motion of element 35 is thereby eliminated. 

Referring now to Figure 4, there* Is Illustrated an 
embodiment of the present Invention that is similar 

10 to the embodiment of Rgure 1 with the additional 
features of a pressure regulator included within the 
body 9, 10. Similar structural elements In figures 1-4 
besu* the same legend numbers for purposes of 
clarity, and the additional elements assembled within 

15 the inlet channel 17 of housing 9 below the retainer 
31 are disposed to operate as a pressure regulator. 
A sealed bellows 55 with flexible side walls 57 is 
mounted on the under-side of spring retainer 31 to 
position Its end wall 59 at a location that Is a function 

20 of the differential between the Internal and external 
pressures acting upon the bellows 55. The end wall 
59 acts upon a central rod 61 which Is attached to an 
auxiliary piston 62 and which protrudes through a 
second aperture 63 formed within the subhousing 10 

26 that encloses the auxiliary piston 62. The auxiliary 
piston 62 carries an elastomeric seal 65 which Is 
similar to the seal 23 and which forms a fluid-tight 
seal around aperture 63 that is enhanced by fluid 
pressure and by spring 67 that Is mounted between 

30 the auxiliary piston 62 and spring retainer 69 to urge 
the sealing engagement of seal 65 around aperture 
63. This fluid-tight seal may be altered and controlled 
by the position of end plate 59 of bellows 55 acting 
through rod 61. The bellows 55 may be pressurized 

55 to a selected gas pressure representative of the 
value of gas pressure about which pressure regula- 
tion is to occur. Thus, fluid pressure in channel 17 in 
excess of the bellows pressure causes the end plate 
59 to be positioned away from the aperture 63 as the 

40 bellows 55 compresses. This causes the auxiliary 
piston 62 with seal 65 to move Into sealing 
engagement with the aperture 63. thereby reducing 
fluid pressure downstream of the aperture and 
allowing the bellows 55 to expand. 

45 Conversely, fluid pressure In the channel 17 lower 
than the bellows pressure causes the bellows 55 to 
expand and position the end plate 59 closer to 
aperture 63. This causes the auxiliary piston 62 with 
seal 65 to move away from sealing engagement 

50 around the aperture 63, thereby allowing fluid flow 
therethrough and the build up of pressure In inlet 17. 
The fluid pressure downstream of aperture 63 is thus 
self-regulated about the Internal bellows pressure in 
response to movement of end plate 59 as the 

55 bellows 55 expands and compresses in response to 
fluid pressure in channel 17 acting upon the effective 
control surface area of the bellows 55. The end plate 
59 includes a descending skirt or shield 70 with 
lateral apertures 72 therethrough to reduce the 

60 Bernoulli effect of fluid flowing through aperture 63. 
as previously described in connection with skirt 50, 
and this reduces possible sources of oscillatory 
motion of the auxiliary piston 62. 
Therefore, the apparatus of the present invention 

65 Is a button-actuated, normally-closed shut-off valve 
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for a gas-suppty cylinder that also provides excess- 
flow cut-off and pressure regulation in a iow-proftle 
valve body tiiat obviates the need for sliding or 
rotating seals. In addition, the flow control valve of 
the present Invention, assures qulcl<. manual shut- 5 
off operation simply by unlatching the control button 
to allow the immediate restoration of pressure-en- 
hanced and spring-enhanced closure against further 
fluid flow out of the supply cylinder. 



Claims 

1. Apparatus for controlling the flow of fluid is 
under pressure from a supply cylinder of the 
fluid underpressure, the apparatus comprising: 
a body having an aperture between the first and 
second channels for fluid flow therethrough 
from the first channel to the second channel, 20 
said aperture having a sealing face on the side 
thereof within the first channel, and said body 
having an externally threaded lower portion for 
fluid-tight threaded sealing attachment directly 
to a supply cyifnder for forming therewith a 25 
fluid-tight vessel for fluid under pressure, and 
said first channel being substantially concentric 
with the extemally threaded lower portion of the 
body for forming a fluid inlet in substantially 
concentric axial alignment with the aperture ; 30 
means forming a fluid outlet coupled to the 
second channel; 

an element disposed within the first channel 
adjacent the aperture and mounted for axial 
movement into and away from selective en- 35 
gagement with the aperture for selectively 
forming a fiuid-tight seal therewith, said element 
providing fluid passage of selected cross-sec- 
tional area from the fluid inlet to the aperture for 
imparting self-actuated moving force to the 40 
element toward the sealing face of the aperture 
in response to fluid flow through said fluid 
passages of selected cross-sectional area; 
an actuator disposed for movement through the 
aperture for selectively imparting movement to 45 
the element In the first channel from the second 
channel; 

control means including a magnet mounted for 
substantially axial movement within the second 
channel in contacting engagement with the 50 
actuator; 

spring means mounted within the first channel 
to provide resilient support for said element, 
said actuation and said control means and to 
resliiently urge the elements into normally- 55 
closed, fiuid-tight sealing engagement with the 
aperture; 

magnet means mounted outside the body for 
movement in axial alignment with the element, 
actuation, and control means between proxi- 60 
mate, remote, and intermediate operating posi- 
tions to Interact in magnetic repulsion with the 
control means for overcoming the resilient 
support provided by the spring means with the 
magnet means In the proximate or intenmediate 65 



operating positions to move the element away 
from sealing engagement with the sealing face 
of said aperture and permit fluid-flow there- 
through: 

said spring means providing sufficient resilient 
upward support, with said element moved away 
from sealing engagement with the sealing face 
of said aperture, to substantially equal the 
downward force of the element, actuator, and 
control means with the magnet means Interac- 
ting therewith from said Intermediate operating 
position. 

2. Apparatus as in claim 1 wherein: 

the cross-sectional area of said fluid passage Is 
selected to urge said element and actuation and 
control means into self actuated sealing en- 
gagement of the element with the aperture In 
response to fluid under pressure flowing there- 
through in excess of a selected flow rate of the 
fluid under pressure. 

3. Apparatus as In claim 1 comprising: 
pressure regulating means disposed within tire 
first channel in upstream location for fluid flow 
therein relative to said spring means, element 
and aperture; 

said pressure regulating means Including an 
auxiliary aperture disposed intermediate said 
first channel and an auxiliary channel for fiuid 
flow therethrough from said auxiliary channel to 
said first channel, and an auxiliary element and 
an auxiliary spring means disposed within said 
auxiliary ciiamber; 

bellows means disposed within the first ciiannel 
for substantially axial expansion and contrac- 
tion in response to fluid pressure thereupon; 
an auxiliary actuator disposed tiirough the 
auxiliary aperture for coupling axial movement 
of said bellows means to said auxiliary element 
for altering its position relative to said auxiliary 
aperture In response to fluid pressure upon the 
bellows means; and 

said auxiliary spring means resiliently urges said 
auxiliary element into fluid-fight engagement 
with the auxiliary aperture. 

4. Apparatus as in claim 3 wherein said 
bellows means is Intemalty pressurized to an 
expanded dimension which is coupled via the 
auxiliary actuator to resiliently urge the auxiliary 
element away from fluid-tight engagement with 
the auxiliary aperture and against the resilient 
force of the auxiliary spring means. 

5. Apparatus for controlling the flow of a fluid 
under pressure from a supply cylinder of the 
fluid under pressure, the apparatus comprising: 
a body Inaving lower cylindrical threaded portion 
for directly, forming a threaded seal with the 
supply cylinder to form a sealed vessel there- 
with; 

valve means withiri the body for selectively 
controlling the flow of fluid under pressure from 
the supply cylinder: and 

regulator means within the body at a location 
therein which is upstream of the valve means for 
fluid flow therethrough, said regulator means 
altering the flow rate of fluid under pressure 
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therethrough in Inverse relationship to the 
pressure of the fluid flowing therethrough to the 
vafve means. 

6. Apparatus as In claim 1 comprising: 
shield means disposed substantially concentri- 5 
cally about the actuator within the second 
channel intermediate the control means and the 
aperture and fn the path of fluid flowing laterally 
outwardly from the aperture, said shield means 
Including a plurality of laterally-oriented pas- 10 
sages therethrough for channeling fluid there- 
through to Inhibit development of Bernoulli 
forces between the body surrounding the 
aperture and the control means. 
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